Introduction
A necessary requirement for the formation of liquid crystal (LC) phases has long been considered the anisotropy of the constituent particles, be it rodlike, calamitic or flatlike, discotic [1] . The situation has recently changed with the discovery of a variety of liquid crystals with shape deviating from these canonical ones like bent, "banana" [2, 3] , phasmidic [4] , dendrimeric [5] , fullerenic [6] [7] [8] [9] 
mesogens.
A particularly striking case is that of spherical nanoparticles (NP), typically gold ones, decorated with mesogens attached radially or tangentially with a flexible thiol terminated spacer group to the gold surface [10] [11] [12] [13] [14] [15] , similar in various ways to first generation dendrimers, and forming various liquid crystalline phases.
While simulations at space resolutions going from the mesoscopic scale, with positions arbitrarily fixed on lattices [16] , to the molecular scale with off-lattice coarse grained [17] or even down to atomistic [18] level of detail exist for many mesogenic systems of various complexity [19- 23], we are not aware of any modelling and simulation studies trying to understand the phases and the ordering process in these exotic systems which, on the other hand, have many promising applications, e.g. in the field of optical metamaterials and more generally of novel functional materials with hybrid properties [24] [25] [26] [27] .
In this work we intend to put forward a first simple model to treat spherical nanoparticles decorated on the surface with mesogens and study their phase behavior.
Model and Simulation
We set out to implement the essential characteristic of two classes of nanoparticles architectures, where the mesogens are attached to the central unit either at an end, i.e. radially, or at a side, i.e. tangentially, (see Fig. 1 ).
Each model consists of one central sphere representing the nanoparticle core (N) and eight equivalent uniaxial Gay-Berne elongated ellipsoids representing the substituent mesogens (M). We assume that the spherical core site is connected to the mesogens through a flexible spring, with the bonding sites placed on surface of sphere and ellipsoids; bonds can only stretch and bend but not break during the simulation [28] . 
The interaction potential is a special case of the expression developed for dissimilar biaxial particles A,B [31] : 
Results
Temperature dependence profiles of the main observables of the two studied systems, with radial and tangential substitution, i.e. density and orientational order parameter   2 P , at pressure P Trying to rationalize this molecular arrangement, we observe that for the tangential substitution, the bonded mesogens cannot migrate at the two ends of the spherical nanoparticle, and remain distributed over its surface; thus the linear conformation, and consequently the spheres segregation are prevented.
Conclusions
We have studied, by means of Monte Carlo simulations, the molecular organizations for two classes of nanoparticle architectures with mesogens attached to the central spherical core in a radial or in a tangential way.
The simulations show that upon lowering temperature the system with radial substitution yields microsegregation of both spherical and mesogenic sites with consequent formation of quasi-planar sublayers;
the system with lateral substitution gives a very different aggregation patterns with spherical sites segregate both into regularly packed columnar stacks and in (discontinuous) layer. The internal flexibility appears essential for this peculiar self-assembling feature. Even though this is a very simple model for mesogen decorated nanoparticles, and thus a detailed comparison with experiment would probably be inappropriate at this stage, since no attempt has been made to tune nanoparticle size, spacer length and number of mesogenic ligands, it is comforting to see that the striking observation of liquid crystal phases formation for these unconventional shaped particles is reproduced and that the organization found is quite similar to what has been assumed in experimental work [10] [11] [12] [13] [14] [15] [16] 24] .
